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Abstract 
The small satellite industry faces a special 
challenge when it comes to the selection of a 
launch vehicle. Given the limited number of 
dedicated lifters and a disadvantageous payload 
weight/cost ratio, the launch planner must often 
compromise satellite system performance to remain 
within the profiles of throw weight. altitude, 
inclination, and cost associated with the obvious 
choices of launch vehicles. 
This paper provides a detailed look at the 
world's inventory of launch vehicles, particularly 
those that are appropriate for use as dedicated lifters 
of small satellites and those that can accommodate 
small satellites as non-primary payloads. The term 
small satellite includes spacecraft up to 500 kg in 
weighl The descriptions of the vehicles provided 
herein include representative examples of each type, 
highlighting the characteristics that are most 
important to launch planners. 
The purpose of the paper is to permit the 
program planner to recognize those vehicles which 
. fit the mission profile for cost and orbital 
performance. Sufficient information will be 
provided in this paper and in the oral presentation 
at the conference to reveal some less obvious 
options for both dedicated and piggy-back 
missions. Emphasis is placed on the needs of the 
small satellite community, particularly on the cost-
performance trades that have great leverage on the 
capitalization and the on-orbit capabilities of small-
scale systems. 
The material is derived from open soun:es 
including industry publications and vendor 
literature, and is supplemented by interviews with 
suppliers and users of launch services. 
Introduction 
The satellite system planner must select 
the proper launch vehicle to satisfy system 
requirements within cost and performance bounds 
often dictated by customer demands. This paper 
* Member, AlAA. 
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provides a detailed look at the world's inventory of 
launch vehicles, emphasizing those which are 
appropriate for use either as dedicated lifters of 
small satellites or as host vehicles for secondary 
payloads. The categories of data which have been 
collected for these vehicles include: Vehicle name, 
Manufacturer, Production history, Usual 
application for LV, Usual customer for LV, Recent 
launch history, Optional configurations, Baseline 
configuration, Throw weight to altitude, SmaIisat 
accommodation, Number of stages, Gross weight. 
Overall length, Fuel, Design heritage, 
OrbitallSuborbitai uses, Launch sites, Launch 
vectors, Launch cost for primary payload, Launch 
costs for auxiliary payloads, Launch cost per pound 
to LEO, Point of contact. and References. 
Launch vehicles Will be described in 
alphabetical order. When vendor literature was not 
provided, the writer used the best available public 
source documents. Any misSing data is the 
responsibility of the author and may be attributable 
to the volume of information that was collected for 
this paper. Please notify the author of any 
corrections that should be made. 
The Advanced Launch System (ALS) is 
among the most speculative of the vehicles in this 
paper. It may be available for consideration during 
the late 1990's. The USAF is the sponsoring 
agency. This launch vehicle is notionally rated for 
up to 220,000 pounds to LEO. While the cost of 
the vehicle is far from fmn, the objective cost per 
pound to LEO is on the order of $300. 
AquilaLaunchVebicle 
The Aquila Launch vehicle 1 is under 
development by the American Rocket Company 
(AMROC) of Camarillo, California. Aquila is 
Latin for "Eagle". The company expects to be able 
to offer initial launch capability for polar orbits 
from Vandenberg Air Force Base in 1996. In 
addition to performing as a launcher, the Aquila 
may be offered as a strap-on booster for other 
vehicles as well. Proposed configurations include 
the Aquila 21 which utilizes two slrap-on motors 
and the Aquila 31 launch vehicle consisting of a 
core motor and three strap-ons. 
The Aquila 31 is a ground-launched, four-
stage, hybrid propulsion vehicle. The design 
objective is to boost 1450 kg (3200 pounds) into a 
(90 degree) polar orbit at an altitude of 185 km 
(l00 nmi). With a 2.38 meter (94 inch) payload 
fairing, the usable volume is 12.7 cubic meters 
(450 cubic feet). 
Payload integration time is expected to be 
8 days. Launch preparation time is expected to be 
6 hours. Proposed launch site is SLC-7 at V AFB. 
The price per pound to LEO is expected to be no 
more than $3000. 
AMROC emphasizes its hybrid rocket 
motors and their non-toxic propellants and by-
products. An AMROC statement notes by 
comparison that the launch of the Space Shuttle 
(STS) releases 230 tons of hydrogen chloride into 
the atmosphere. 
Contact information is provided in a later 
section of this paper. 
The first Ariane development began in 
1973, with its first booster launch occurring on 24 
December,1979. Development of Ariane 2 and 3 
began in 1980. Development of the Ariane 4 
family began in 1982. Typical satellite payloads2 
for the Ariane are Intelsat 5, ECS 2, Telecom lA, 
PanAmSat, Amsat IIIc, Meteosat P2, Insat lC, 
Eutelsat's ECS 5, Superbird A and DFS 
Kopemicus I, Intelsat 6, and Spot 2. 
Aerospatiale Espace & Defense is the 
industrial architect for the Ariane 4 and 5. This 
family of launch vehicles has evolved with the 
needs of the European Space Agency, their first 
customer and still their largest. While the Ariane 
launchers are designed to carry large satellites such 
as SPOT and to place them into accurate polar 
orbits, for instance, Arianespace has developed the 
capability to carry small satellites as secondary 
payloads at prices which are attractive to this 
community. Development of the Sylda dual-
launch fairing began in 1978. 
Primary payloads for the Ariane family of 
launch vehicles range in weight from 1200 Kg to 
4400 Kg. Launch fees for these primary payloads 
range from $40 million to $100 million. A recent 
proposa13 would reportedly have cost $62 million. 
The company Arianespace conducted its ftrst launch 
in 1973 and now holds a 50% share of the world 
market for commercial launch vehicle services. In 
late 1990, Arianespace had a backlog of orders for 
36 satellites worth the equivalent of $2.9 billion. 
Arianespace recently competed for the launch of the 
Inmarsat-3 satellite but lost to the Former Soviet 
States, apparently on price. 
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The Ariane 4 rocket is 58.4 meters high, 
has a lift-off mass of 470 metric tons, and can place 
2000 Kg to 4200 Kg into geotransfer orbit Limits 
on payload mass are determined by orbit inclination 
and requirements for in-transit maneuvers. Launch 
of secondary payloads from the Ariane rocket is 
made possible by the creation of dual launch 
adapters such as the SYLDA and the SPELDA. 
Launch of small satellites from the Ariane rocket is 
made possible by the creation of the auxiliary 
adapter known as ASAP. In 1990, an Ariane 
carried several small satellites as secondary 
payloads, injecting them into orbits at 805 km 
altitude. Ariane now promotes this small satellite 
launch service for less than $1 million per flight, 
with the proviso that only a few flights per year 
can be so equipped. The Ariane vehicles are 
launched from the European Equatorial Launch Base 
near Kourou, French Guiana. 
Ariane 2 
The Ariane 2 launch vehicle is rated to loft 
11,600 pounds to LEO, 4795-5200 pounds to 
GTO, 2800 pounds to GEO and 3200 pounds to 
escape.4 It is a three stage vehicle, all stages of 
which are liquid fueled. Launch weight is 490,000 
pounds.5 
Ariane 3 
The Ariane 3 launch vehicle is rated to loft 
11,600 pounds to LEO, 5200-5690 pounds to 
GTO, 2800 pounds to GEO and 3790 pounds to 
escape.4 It is a three stage vehicle. Stage 1 
consists of four liquid fueled rockets and two solid 
fuel rockets. Stages two and three are liquid fueled. 
Launch weight is 530,000 pounds.5 
Ariane4 
Ariane 4 is a family of launch vehicles 
whose designations are AR40, AR42P, AR44P, 
AR42L, AR44LP, AR44L. They are rated to loft 
4190 pounds to 9260 pounds to GT04. The 
Ariane 4 is a three stage rocket. Stage 1 consists of 
four fixed liquid fueled rockets plus two to four 
liquid or solid strap-on rockets. Stages two and 
three are liquid fueled. Launch weight is 523,000 
pounds to 1,033,000 pounds.5 
The Ariane 40 experienced its first flight 
in 1990. It is rated to carry 4900 kg to LEO and 
1900 kg to Gro when launched from Kourou.6 
The Ariane 42L will be rated to carry 7400 kg to 
LEO and 3200 kg to GTO. The Ariane LP frrst 
flew in 1988. It is rated to carry 8300 kg to LEO 
and 3700 kg to GTO. The Ariane 42P frrst flew in 
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1990. It is rated to carry 6100 kg to LEO and 
2600 kg to GTO.6 The Ariane 44L first flew in 
1989. It is rated to carry 14,600-21,120 pounds to 
LEO, 8400 pounds to GTO, 4400 pounds to 
GEO.4,6 The Ariane 44P will be rated to carry 
6900 kg to LEO, 3000 kg to GTO when launched 
from Kourou.6 
Mane 5 and Hermes 
Ariane 5 is under development by 
Arianespace and the European Space Agency. 
Aerospatiale Espace & Defense is the industrial 
. architect.7 First flight will occur in the late '90's. 
The vehicle will be rated to carry 18,000 kg to 
LEO or 15,000-16,000 pounds to GTO when 
launched from Kourou.4,6 
The Aries vehicle is employed for 
suborbital missions. It is produced by Orbital 
Sciences Corp., Space Data Division, Chandler, 
AZ. Contact information is provided below. 
The ASL V is India's launcher for small 
satellites. It fIrst flew in 1987, and is rated to carry 
100-150 kg to LEO. Launch site for this vehicle 
is India's Sriharikota Range.4,6 
The Atlas family of launch vehicles 
includes the Atlas I, Atlas II, Atlas IIA, and the 
Atlas IIAS. The vehicles are produced by General 
Dynamics Commercial Launch Services of San 
Diego, California. Contact information is provided 
below. The baseline Atlas configuration includes a 
stage-and-a-halfbooster and the Centaur upper 
stage. Atlas, including the Centaur upper stage, 
has launched 28 commercial communications 
satellites while compiling a reliability record of 
95% during the past ten years. Two fairing sizes 
are available. The medium fairing has an inside 
diameter of 2.92 meters and an overall height of 
7.8 meters including tapered section. The large 
fairing has an inside diameter of 3.7 meters with an 
overall height of 9.4 meters. 
The Atlas experienced its first flight in 
1990. It is launched from Cape Canaveral. Its 
throw weight to LEO with the mediwn fairing is 
5900 kg (13,000 pounds) to a circular 28.5 degree 
orbit of altitude 185 kID (100 nmi); with the large 
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fairing, throw weight to this same orbit is 5700 kg 
(12,550 pounds). The Atlas I throw weight to 
GTO with the medium fairing is 2340 kg (5150 
pounds) to a 28.5 degree transfer orbit of altitude 
167 kID x 35,788 kID (90 nmi x 19,324 nmi); with 
the large fairing, the throw weight to this orbit is 
2250 kg (4950 pounds). Throw weight to earth 
escape (C3=0) with the mediwn fairing is 1520 kg 
(3350 pounds); with the large fairing, it is 1400 kg 
(3100 pounds).8 
nSeveral potential methods of launching 
small satellites are being considered for Atlas. The 
smallest "Microsats", with about 100 pounds mass 
each, may be mounted below larger, host 
spacecraft. A single "Smallsat" , generally designed 
for small launchers (roughly 500 to 3000 pounds 
mass), can be launched together with a larger 
spacecraft using supporting hardware. Dedicated 
launch of a large nwnber of these small satellites 
requires a different type of support structure. As 
companion spacecraft mass reaches the 
"Mediumsat" range of 3,000 pounds or more, the 
most practical means for launch becomes pairing 
with another spacecraft of similar mass ... 9 
"The smallest spacecraft., with masses of 
roughly 100 pounds, may be mounted below a 
larger, primary spacecraft. As the Atlas family of 
launch vehicles has been modernized, avionics have 
become smaller, vacating space on the Centaur 
forward equipment module. This space ... would be 
ideal for Microsats. The concept ... is similar (to) 
the ASAP (Ariane Structure for Auxiliary 
Payloads), flown on the January 1990 SPOT 2 
mission. ,,9 
General Dynamics notes that spacecraft 
designed for Ariane, Titan, and STS lifters are 
environmentally compatible with Atlas. Launch 
vehicle gross liftoff weight is 163,900 kg (361,300 
pounds) with the medium fairing and 164,290 kg 
(362,200 pounds) with the large fairing. lO The 
Atlas launch vehicle has been selected for the first 
two launches of Inmarsat-3 at a cost of about $62.5 
million per launch. 3 
The Atlas II member of the Atlas family, 
available from General Dynamics Commercial 
Launch Services, provides additional capability over 
the Atlas I. The principal improvements are found 
in the lengthened Atlas and Centaur stages. and a 
modified fuel mixture in the Centaur. Thrust is 
increased by 36,500 pound.equivalent, and 
hydrazine roll control is added to the mid stage. 1 I 
The two fairing sizes described for the Atlas I are 
available for the Atlas II. This launch vehicle is 
rated for primary payloads like the DSCS satellite. 
Throw weight to LEO for the Atlas II 
with the medium fairing is 6780 kg (14,950 
pounds) to a circular 28.5 degree orbit of altitude 
185 km (100 nmi); with the large fairing, throw 
weight to this same orbit is 6395 kg to 6580 kg 
(14,500 pounds).6,8 The Atlas II throw weight to 
GTO with the medium fairing is 2770 kg (6100 
pounds) to a 28.5 degree transfer orbit of altitude 
167 km"x 35,788 km (90 nmi x 19,324 nmi); with 
the large fairing, the throw weight to this orbit is 
2680 kg (5900 pounds). Throw weight to earth 
escape (C3=0) with the medium fairing is 1940 kg 
(4270 pounds); with the large fairing, it is 1820 kg 
(4020 pounds).8 Launch vehicle gross liftoff 
weight is 187,170 kg (412,600 pounds) with the 
medium fairing and 187,560 kg ( 413,500 pounds) 
with the large fairing. 
Atlas ITA 
The Atlas ITA member of the Atlas 
family, available from General Dynamics 
Commercial Launch Services, provides additional 
launch capability over the Atlas II principally from 
the upgrade of the RLIO engine to 20,000 pounds 
and its extendible nozzles. The two fairing sizes 
described for the Atlas I and II are available for the 
Atlas IIA. 
Throw weight to LEO for the Atlas IIA 
with the medium fairing is 7120 kg (15,700 
pounds) to a circular 28.5 degree orbit of altitude 
185 km (100 nmi); with the large fairing, throw 
weight to this same orbit is 6760 to 7120 kg 
(15,700 pounds).6,8 The Atlas ITA throw weight 
to GTO with the medium fairing is 2900 kg (6400 
pounds) to a 28.5 degree transfer orbit of altitude 
167 km x 35,788 km (90 nmi x 19,324 nmi); with 
the large fairing, the throw weight to this orbit is 
2810 kg (6200 pounds). Throw weight to earth 
escape (C3=0) with the medium fairing is 2100 kg 
(4620 pounds); with the large fairing, it is 1980 kg 
(4370 pounds).8 Launch vehicle gross liftoff 
weight is 187,310 kg (412,900 pounds) with the 
medium fairing and 187,700 kg (413,800 pounds) 
with the large fairing. 
Atlas lIAS 
The Atlas lIAS member of the Atlas 
family is under development by General Dynamics 
Commercial Launch Services. First flight is 
projected for 1993. The lIAS will provide 
additional launch capability over the Atlas IIA from 
the addition of Castor IV A solid rocket motors to 
the first stage. The two fairing sizes described 
above are available for the Atlas liAS. 
Throw weight to LEO for the Atlas liAS 
with the medium fairing is 8610 kg (19,000 
pounds) to a circular 28.5 degree orbit of altitude 
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185 km (100 nmi); with the large fairing, throw 
weight to this same orbit is 8390 kg (18,500 
pounds).6,8 The Atlas liAS throw weight to GTO 
with the medium fairing is 3630 kg (8000 pounds) 
to a 28.5 degree transfer orbit of altitude 167 kin x 
35,788 km (90 nmi x 19,324 nmi); with the large 
fairing, the throw weight to this orbit is 3490 kg 
(7700 pounds). Throw weight to earth escape 
(C3=0) with the medium fairing is 2670 kg (5890 
pounds); with the large fairing it is 2550 kg (5640 
pounds).8 Launch vehicle gross liftoff weight is 
233,600 kg (515,000 pounds) with the medium 
fairing and 234,010 kg (515,900 pounds) with the 
large fairing. 
Other Atlas Launch Vehicles 
Other Atlas launch vehicles that have been 
used include the Atlas E, which fIrSt flew in 1974. 
It is no longer in production. It was launched 
from Vandenberg Air Force Base and was rated for 
an 820 kg payload into polar low earth orbit.6 
This launch vehicle was rated for payloads such as 
the NOAA and DMSP satellites. Program 
management was provided by the USAF. In the 
mid '80's, the cost per launch was estimated to be 
on the the order of $45 million. 
The Atlas GICentaur is rated for 12,100 
pounds to LEO, 4800 pounds to GTO, and 2200 
pounds to GEO.4 Other sources describe its 
capability to boost 3000 pounds to 450 nmi 
circular sun synchronous orbit with apogee kick 
motor, 5200 pounds to GTO with the Atlas G 
booster, 3500 pounds to escape velocity.5 Its 
gross launch weight is 360,600 pounds. 
The D-INAtlas H launch vehicle has a 
single stage augmented by two large thrusters. The 
fuel for all motors is a hydrocarbon propellant with 
liquid oxygen oxidizers. The Atlas H is rated to 
place 4000 pounds into low earth orbit.4 Its gross 
launch weight is 293,000 pounds.5 
The Atlas-Centaur, which is no longer in 
production, was rated for payloads up to 1750 
pounds into GEO orbit. The launch program was 
sponsored by NASA. In the mid '80's, the cost per 
launch was estimated to be on the the order of $75 
million. 
Castor IVA 
The Castor IV A is produced by Orbital 
Sciences Corp., Space Data Division, Chandler, 
AZ. It is used for suborbital experimental flights. 
Refer to the contact list below for further 
information. 
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Centaur 
The Centaur launch vehicle is produced by General 
Dynamics Space Systems, San Diego, California. 
For further information, refer to the sections above 
on the Atlas family of launch vehicles or refer to 
the contact list below. 
Conestoga 
In late 1990, EER acquired Houston-based 
Space Services, Inc., a launch vehicle company 
headed by Deke Slayton, formerly of NASA's 
Astronaut Corps, as a means of entry into the 
commercial launch market. This acquisition 
provided EER with the ability to offer to the 
government and private sectors on-orbit small 
satellite capability. 12 
The Conestoga series of rockets is 
designed to insert into low earth orbit the broad 
classes of payloads that fall in the range of 136 Kg 
to 1816 Kg, and to place into geosynchronous 
orbit payloads up to 386 Kg. The rockets are 
customized to the payload by selection of motor 
parameters for each of the three stages, plus kick 
motors for orbital insertion. The manufacturer first 
demonstrated an orbital launch capability in 1982. 
The Conestoga is designed to launch from Wallops 
Island with a baseline inclination of 37 degrees. 
The launch system is designed to achieve orbital 
insertion accuracies of ±32 km for the one sigma 
case using a spin stabilized upper stage. With an 
upper stage employing only thrust vector control 
and velocity trim, the launch system can achieve an 
orbital insertion accuracy of ± 10 Ian for the one 
sigma case. The Conestoga launch vehicles utilize 
a 1.65 meter diameter fairing and separation system 
derived from Thor and Delta technology. The 
fairing provides for a maximum payload diameter 
of 1.45 meters and a volume of 3.0 cubic meters. 
The cost of Conestoga launch services is 
approximately $10 million. IO,13 
The Space Services Division of EER has 
been selected to provide launch vehicle and services 
to the COMET program.( Washington 
Technology, Feb. 21.1991) 
The Conestoga was selected by the 
University of Alabama, Huntsville, Center for the 
Commercial Development of Space (CCDS) for a 
July 1991 scheduled launch of a suborbital payload 
on the order of 1000 pounds. The intended launch 
site was Wallops Flight Facility. 14 
The Republic of China on Taiwan 
recently included a photograph of the Conestoga in 
its newspaper discussion of planned space programs 
for its country. 15 Space News reported that the 
Conestoga 2 would have the capability to boost 
800 pounds to low earth orbit with a total vehicle 
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launch weight of 84,300 pounds. 16 
The original Delta class vehicle developed 
by McDonnell Douglas Astronautics Company of 
Huntington Beach, California for NASA is no 
longer in production, but it has spawned an entire 
family of genetically similar launchers. The Delta 
is rated for multiple payloads. In the mid '80's, the 
cost per launch was reported to be on the order of 
$33 million. New versions of the Delta family 
including the Delta II are differentiated by their 
four-digit numerical designator. The versions 
discussed below include the 3920, the 3920/pAM-
D, the 6920, the 6925, the 7920, and the 7925. 
McDonnell Douglas can facilitate co-manifesting of 
secondary payloads or multiple primary payloads on 
the Delta class rockets. Details are available in the 
paper "Delta II Flight Results and Capabilities for 
Non-Geostationary Missions:,17 In the 30 Delta 
launches up through the Spring of 1992, Delta's 
success record is 100%. 
Delta 3920/PAM-D 
McDonnell Douglas developed the Payload 
Assist Module-Delta Oass as a commercial product 
capable of operating either as a third stage on the 
Delta or as a spin-stabilized upper stage for launch 
from the shuttle. The Delta 3920 with PAM-D is 
the baseline vehicle for this class. This is a three-
stage vehicle. Stage one consists of two liquid-
fueled rockets augmented with two solid-fuel 
motors. Stage two is a liquid-fueled motor. Stage 
three consists of two solid-fuel motors. With 
P AM-D, the launcher can boost 2830 pounds to 
orbit, 2000 pounds to escape velocity.6 Without 
the PAM-D, the launcher can boost 6800 pounds to 
LEO, 2600 pounds to GTO, or 1200 pounds to 
GEO.4 Launch weight of the vehicle is 423,000 
pounds to 428,300 pounds.5 
Delta 6920 
. The Delta 6920, originally called the Delta 
improvement, evolved from the original launcher in 
both a two-stage and a three-stage configuration. 
Its ftrst flight was in 1989. This vehicle can be 
launched from Cape Canaveral or from Vandenberg 
AFB. The two-stage version is the 6920. The ftrst 
stage liquid propellant booster is augmented by 
nine externally mounted solid propellant motors. 
After burn-out, the solid propellant motor cases are 
jettisoned. The second stage is powered by a 
pressure-fed propulsion system. This launch 
vehicle is rated to boost 3990 kg into low earth 
orbit.6 Weight at launch is 483,700 pounds.5 
Delta 6925 
The three-stage version of the 6920 is 
called the 6925 and is included in the Delta II 
family. This launch vehicle was developed for the 
USAF. First launch occurred on 14 February 
1989. The first stage liquid propellant booster is 
augmented by nine externally mounted solid 
propellant motors. Mter burn-out, the solid 
propellant motor cases are jettisoned. The second 
stage is powered by a pressure·fed propulsion 
system. The third stage propulsion system is the 
PAM STAR48 solid propellant rocket motor. 
This launch vehicle is rated to boost 1450 kg 
(3190 pounds) to GTO. Its weight at launch is 
483,700 pounds.5 
Delta II 7920 
McDonnell Douglas developed the Delta II 
to launch the Global Positioning Satellites into . 
orbit. This vehicle became operational in 1988. 
The Delta 7920 is the baseline two.stage vehicle in 
this class. Stage one consists of a liquid·fueled 
motor augmented with nine solid· fuel motors. 
Stage two is a liquid·fueled motor. The 7920 is 
rated to place 5045 kg into LEO.6 The 7925 is the 
augmented vehicle in this class. using a PAM-D as 
its third stage. Early estimates of the cost of this 
launcher are $38-40 million. 
Delta 7925 
First launch of the 7925 was 26 
November 1990 when a GPS Navstar satellite was 
successfully placed in orbit. This vehicle is rated 
to place 4010 pounds to GTO. One reference 
describes its capabilities as 10,600 pounds to LEO, 
3600 pounds to GTO, and 1600 pounds to GEO.4 
The 7925 may be launched from either Cape 
Canaveral or Vandenberg AFB. Its weight at 
launch is 511,000 pounds.5 
Enemiya (K-l/sL-I7l 
The Energiya launch vehicle is produced 
in the Former Soviet States and is launched from 
Tyuratam. Its ftrst flight took place in 1987. The 
vehicle is rated to place 88,000 kg into low earth 
orbit when assisted by an RCS kick stage and 
18,000 kg to GTO with EUS upper stage.6 
Another reference describes the Energiya's 
capability as 200,000 pounds to 400,000 pounds to 
low earth orbit 5 
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EnergiyalBuran 
The Former Soviet States also produced a 
shuttle-like craft which with its launcher is known 
as the Energiya/Buran. This combination is rated 
to put 60,000 to 66,000 pounds into low earth 
orbit.4,6 
The GSL V is India's heavy lifter, currently 
under development First flight is planned for 
1996. The vehicle is expected to boost up to 8,000 
kg into low earth orbit and up to 2500 kg to GTO. 
The rocket will be launched from the Sriharikota 
Range.6 
The H-I is Japan's medium lifter. The 
customer for the launcher is NASDA (Japan). First 
flight of the H·I took place in 1986. The vehicle 
is rated to place 3200 kg into low earth orbit, 1100 
kg into GTO, and 550 kg to GEO. Launch site for 
the H-l is Tanegashima. 4,6 
Mitsubishi Heavy Industries was 
developing the H-IA lifter for the National Space 
Development Agency of Japan (NASDA). The 
three-stage rocket is rated to boost 7100 pounds to 
GEO. Stage one is a liquid-fueled core with nine 
solid-fuel strap-ons. Stage two is liquid fueled. 
Stage three is solid fueled. Total vehicle weight is 
306,460 pounds. 5 
Mitsubishi Heavy Industries is developing 
for the National Space Development Agency of 
Japan (NASDA) the H·2 heavy lifter. The H-2 is a 
two.stage rocket Stage one is a liquid-fueled core 
with two solid-fuel strap-ons. Stage two is liquid 
fueled. On June 18. 1992, during a test of the LE-
7 engine for the H-2, it burst into flames. In order 
for the launcher to make its scheduled maiden 
launch in February 1993, the H-2 engine tests must 
be completed by September 1992.18 The vehicle 
is rated to boost 10,500 kg to LEO, 4000 kg to 
GTO, and 2000 kg to GEO from its launch site at 
the Tanegashima Space Center. A future version of 
the lifter may be rated for 48,000 pounds to low 
earth orbit Launch weight is expected to be 
528,000 pounds.4,5,6 
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High Orbiting Plane (HOPE) 
The design of a High Orbiting Plane is 
under consideration by NASDA. The plane has 
been proposed as an unmanned space shuttle. The 
intended application is to supplement the U.S. 
Space shuttle in its support of the Space Station 
program. The Japanese also see the plane as a 
precursor to eventual Japanese manned space 
missions. The baseline proposal will permit 
delivering 10 tons to orbit Adding four more solid 
rocket boosters to the baseline concept will permit 
delivering 20 to 25 tons to orbit 19 
The Hydac is a suborbital launch vehicle 
manufactured by the Orbital Sciences Corp., Space 
Data Division, Chandler, AZ. Contact the factory 
for additional information. 
Kosmos Rocket 
The Kosmos rocket was fust launched by 
Russia in 1964. It is rated to place 1350 kg into 
low earth orbit. Launch sites include Plesetsk and 
Kapustin Yar.6 
Long March 1 and 2 
The Long March series of launch vehicles 
have been developed by China for about 20 years. 
The Long March 10 is rated to boost 750 kg into 
low earth orbit and 200 kg to GTO. It is launched 
from Jiuquan, China.6 The long March 2C ftrst 
flew in 1975. It is rated to boost 3200 kg to LEO, 
1000 kg + perigee kick motor to GTO. It, too, is 
launched from Jiuquan, China. 6 The Long March 
2E is the most powerful of the series.20 The 2E 
f11'st flew in 1990; it is rated to boost 9265 kg to 
LEO, 3370 + perigee kick motor to GTO. This 
vehicle is launched from Xichang, China. 6 
China expects to launch its new Long 
March 2E/HO during 1995. The vehicle will be 
rated to carry 13600 kg to low earth orbit and 4500 
kg to GTO. The planned launch site is Xichang, 
China.6 
Long March 3 and 3A 
China's f11'st launch of the Long March 3 
was in 1984. This vehicle is rated to carry 5000 
kg to low earth orbit and 1400 kg (3080 pounds) 
into transfer orbit Its launch site is Xichang, 
China.6,20 The 1992 f11'st launch of the Long 
March 3A places a lifter into Chinese inventory 
rated to carry 7200 kg to low earth orbit and 2500 
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kg to GTO. Its launch site is Xichang, China.6 
Long March 4 
China fust launched the Long March 4 in 
1988. This rocket is rated to carry 4000 kg to low 
earth orbit or 1100 kg to GTO. Its launch site is 
near Taiyuan, China.6 
Long March CZ-II2f3 
The Long March CZ-l is rated to carry 
5200 pounds to low earth orbit. The CZ-2 is rated 
to carry 4000-6000 pounds to low earth orbit The 
CZ-3 is rated to carry 9000 pounds to LEO, 2800 
pounds to GTO, or 1400 pounds to GEO.4 
M-3S II/M-V 
Japan's NASDA sponsored the fIrst flight 
of the M-3S II launch vehicle in 1985. Depending 
on its speciftc conftguration, it is rated to carry 
700-1815 kg to LEO, or 517 kg plus perigee kick 
motor to GTO. This rocket is launched from the 
facility at Kagoshima.4,6 The larger lifter called 
M-V is expected to launch in 1995. It will be rated 
to boost 1950 kg to low earth orbit or 1215 kg 
plus perigee kick motor to GTO. It will launch 
from Kagoshima.6 
MediumUft 
The Medium Lift Vehicle is produced in 
the Former Soviet States and is rated to carry 
32,000 pounds to LEO.4 
Minuteman CFS 
The Minuteman CFS is a suborbital 
vehicle marketed by Orbital Sciences Corp., Space 
Data Division, Chandler, AZ. Refer to contact 
information below for further information. 
Molniya (A-2-e/SL-6l 
The Molniya rocket is a build-up of the A· 
2-e and the SL-6 stages used to loft Russian 
communication satellites into Molniya (highly 
elliptical) orbits. First flight occurred in 1961. 
The vehicle is rated to carry 1500 kg to a Molniya 
orbit from launch sites at Tyuratam and Plesetsk.6 
Mu-3S-2 
Nissan Motors builds for the University of 
Tokyo/Institute of Space and Aeronautical Sciences 
the Mu-3S-2, a three stage launch vehicle. Stage 
one is a solid-fuel core with two solid-fueled strap-
ODS. Stages two and three are both solid-fueled. 
The vehicle is rated to carry 1700 pounds to 
geostationary orbit or 304 pounds to escape 
velocity. Its weight at launch is 136,400 pounds. 5 
Orbital Express 
The Orbital Express Launch Vehicle is 
under development by International Microspace of 
Herndon, VA. The launch vehicle development 
team includes Thiokol, SAAB, and Rolls Royce 
subsidiary Bristol Aerospace. Configurations tA, 
lE, 2E, and S2E provide a succession of increasing 
throw weight and altitude capabilities which are 
differentiated structurally by the specific motors 
which make up the stages. 
The four-stage 2E configuration is the 
baseline launch vehicle. It has a rated throw 
weight of 550 pounds to a 200 nmi equatorial orbit 
and 370 pounds to a 400 nmi polar orbit. The 2E 
configuration design is based on Thiokol's Castor 
IV B for stage one, Thiokol's Castor II for stage 
two, a Star 31 at stage three, and a Star 30E for 
stage four. 
The standard fairing has an inside dynamic 
diameter of 38 inches and including the upper 
tapered section is 71 inches long. The fairing is 
made of magnesium/aluminum and with the 
exception of two radio windows is radio opaque. 
An enhanced fairing is available which is 
compatible with the Pegasus dynamic envelope and 
is radio translucent 
Launch site options include Vandenberg 
AFB, Poker Flat, and Andoya Range for polar 
oIbits; Wallops Island and Kennedy Space Center 
for mid-inclination orbits; and San Marco for 
equatorial orbits. 21,22 
Pemus 
The first Pegasus launch of a 422 pound, 
three experiment payload occurred on April 5, 
1990. One satellite studied the rocket's flight 
characteristics, a second was designed to study the 
earth's magnetic field, and the third was a Navy 
communications satellite. This vehicle is unique 
in that it is launched from a host aircraft such as a 
B-52 or L-I01I and is equipped with wing and tail 
surfaces. The host aircraft launches the 42,000 
pound Pegasus at an altitude of 41 ,000 feet at 
Mach 0.80. After release from the aircraft and 
ignition of the stage 1 motor, the vehicle's 
autonomous guidance and flight control system 
provides all guidance necessary to insert payloads 
into a wide range of suboIbital and orbital 
trajectories. 16,23 
With a payload fairing of 1.27 meters in 
diameter with a 1.17 meter dynamic envelope, the 
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Pegasus is a three-stage vehicle employing a solid 
propellant motor in each stage. The use of solid 
propellant motors in all stages suggests that 
Pegasus will experience insertion deviations similar 
to those of the Scout. The development 
philosophy employed on the Pegasus is such that 
the early launches will also be used to calibrate the 
performance of the solid rocket motors. 
Preliminary indications are that a 2 sigma deviation 
of 20 nmi can be expected on the early flights. 
Because of the B-52/L-1011 launch, it is possible 
for the aircraft to fly due East directly over the 
equator. This maneuver enables the Pegasus to 
utilize fully the velocity derived from the rotation 
of the Earth which, in turn, enhances 
performance. to 
In the works is an upgrade to the Pegasus 
line called Pegasus XL. The two key changes 
associated with Pegasus XL are its increased 
performance and larger effective payload volume 
with two sizes of standard mechanical interfaces.24 
Orbital Pegasus launches can be 
conducted using the Western Test Range, the 
Eastern Test Range, the Wallops Flight Facility, or 
the Kourou Range Facility after integration of the 
flight vehicle onto the host aircraft at the OSC 
facility in California. Further information may be 
obtained from the Space Systems Division of the 
Orbital Sciences Corporation. 
The Proton launch vehicle fJrSt appeared in 
1965 during the U.S.-Soviet arms race. The 
Proton reportedly can deploy 39,000 pounds to 
LEO, more than 6000 pounds to GTO, and 4400 
pounds to GEO.4 Proton is a four stage rocket; all 
stages are liquid-fueled. Stage four burns kerosene 
and oxygen. "In some years, the Russians have 
launched more than tOO rockets, and they can erect 
and launch a Proton in days, not weeks", according 
to Doug Heydon, president of Arianespace.25 The 
Proton launch facility is at Baikonur (Tyuratam). 
The Proton's high power design permits launching 
from the far northern latitudes of Russia. 
One version of the Proton, the SL-9, is 
the basic civilian launch vehicle for Russia. It is a 
two-stage launch vehicle. Stage one consists of 
one large liquid-propellant motor assisted by six 
smaller liquid-fueled motors. Stage two consists of 
a liquid-fueled motor. This vehicle can place 
40,000 pounds into low earth orbit.5 
Marketing of Soviet space programs is 
handled by Glavkosmos. In early 1990, 
Glavkosmos granted Space Commerce Corporation 
of Houston, TX the authority to represent Proton 
in the United States. 16 Russia has offered to 
launch Inmarsat-3 in the mid 90's on a Proton KB 
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Salyut for about $35 million per flight.3 The 
White House has granted an export license to 
permit this launch. Proton launches can be insured 
through Ingosstrakh insurance company. 
The PSL V is India's Space Research 
Organization's newest lifter with a 1992 launch 
capability of 3000 kg to low earth orbit or 450 kg 
to GTO from the launch complex at Sriharikota.6 
Scout Launch Vehicle 
The Scout expendable launch vehicle, 
produced by LTV Aerospace and Defense, Dallas, 
TX, is a 75 foot long, 47,000 pound launch 
vehicle the development of which began in 1959, 
originally for high altitude probes and high speed 
reentry experiments. Its four solid rocket motors 
provide lift capability to place up to 450 pounds 
into a nominal 300 mile easterly orbit or into a 
nominal 100 nautical mile polar orbit. Under 
development with the Italian partner BPD is Scout 
II which is designed to place two times this 
payload into the same orbit. 
The Scout has more than 100 launches to 
its credit. The frrst 113 Scout launches yielded a 
95% success rate. The original Scout may launch 
from the Vandenberg AFB, Wallops Island, and 
San Marco launch sites. Baseline inclinations 
available from these sites are 90°, 37.7°, and 2.9°, 
respectively. Scout performance from Vandenberg 
AFB is well characterized for polar or near polar 
orbits. Launches from Wallops Island are 
appropriate for Easterly inclined orbits; launches 
from San Marco are appropriate for equatorial 
orbits. 
Since 1959, NASA has managed the 
Scout program. (The Langley Research Center 
until January 1991; the Goddard Space Flight 
Center since then.) On July, 3, 1992, a Scout 
launch vehicle successfully boosted the first of 
NASA's Small Explorer satellites into orbit from 
Vandenberg. There are three additional Scout 
launches planned through July 1993. 
The Scout is a suitable launch vehicle for 
multiple copies of the smaller satellites and for 
single copies of satellites up through 450 pounds. 
Heat shield diameter options are 0.86 meters and 
1.07 meters. The Scout can insert small satellites 
into orbits of other altitudes and inclinations 
within its operating profile. Although the Scout is 
no longer in manufacture, the cost of a Scout 
launch from current inventory is approximately 
$11.5 million.10,26 
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Scout II 
Scout II, under development by the 
partnership of LTV Missile and Electronics Group 
and BPD of Italy, will have two added strap-on 
rocket motors. A BPD motor will replace the 
current fourth stage motor. Heatshield diameter is 
increased to 1.35 meters. These improvements will 
about double the payload capability of the Scout 
from 450 pounds to 1000 pounds into low earth 
orbit The vehicle will also have the capability to 
loft 110 kg to GTO. It will have a liftoff weight 
of about 101,000 pounds. 16 Launch sites for the 
Improved Scout include V andenberg, Wallops, San 
Marco. Baseline inclinations available from these 
launch sites are 90°, 37.7°, and 2.9°, 
respectively.6, 10,26,27,28 
Sergeant-M57 
The Sergeant-M57 is a suborbital launch 
vehicle developed by Orbital Sciences Corp., Space 
Data Division, Chandler, AZ. For further 
information, contact OSC directly. 
Israel developed the Shavit to launch 
payloads up to 160 kg to low earth orbit The 
vehicle first saw flight in 1988. It is launched 
from a site in the Negev Desen.6 
SinsJe Stage to Orbit Prq1ect (SSIQ) 
McDonnell Douglas Space Systems 
Division, Huntington Beach, CA acted as prime 
contractor for the Single Stage to Orbit Project 
with Martin Marietta Corporation and Aerojet as 
subcontractors. This effort is an SOlO initiative to 
build for $1 to 5 billion a reusable rocket which 
could fly within a decade once a week to low earth 
orbit. 
The vehicle would be a 12-engine manned 
rocket capable of inserting a 15,000 pound payload 
into low earth orbit. The proposed design describes 
a vertical take-off, vertical landing rocket Each 
weekly launch would cost 1 million. The real 
payoff would be a cost of less than 100 dollars per 
pound to LEO.29 
SL·3 to SL·14 
The reader is aware that Russia and the 
Former Soviet States have designed and launched a 
number of miscellaneous rockets over the years. 
Some of these rockets are grouped here for the 
convenience of the reader. 
The SL-3 is the launcher for the Vostok. 
Its fIrst flight occurred in 1959. The Vostok, 
launched from Tyuratam, is rated to place 10,000 
to 12,000 pounds into low earth orbit. The SL-4/6 
is rated to place 15,000 pounds into low earth 
orbit. The SL-4 is the launcher for the Soyuz 
spacecraft, able to place 16,500 pounds into low 
earth orbit. The Soyuz SL-4 is a two-stage launch 
vehicle,having evolved from the Soviet SS-16 
ICBM. Its fIrst flight was in 1963. Stage one 
consists of four large liquid-fueled motors assisted 
by sixteen smaller liquid-fueled motors. Stage two 
consists of four more of the liquid-fueled rockets 
that are used in stage one. The Soyuz rocket bums 
kerosene and weighs 720,000 pounds at launch. 
Launch sites include Tyuratam and Plesetsk.5 
The SL-8 is rated to place 3800 pounds 
into low earth orbit. The SL-9 is described in 
some detail above. The SL-l1 is rated to carry 
8000 pounds to low earth orbit. The SL-13 is the 
launcher for Salyut It is a two-stage launch 
vehicle. Stage one consists of one large liquid-
propellant motor assisted by six smaller liquid-
fueled motors. Stage two consists of a liquid-
fueled motor. It is rated to carry 50,000 pounds to 
low earth orbit The SL-14 is the lifter for the 
Tsyklon (Cyclone). It fIrst flew in 1977 and is 
rated to carry about 9000 pounds to low earth orbit 
It is launched from Plesetsk.4,5,6 
The SLY -3 was developed for ISRO of 
India and fIrst saw flight in 1979. It is a four stage 
solid-fuel vehicle weighing 37,500 pounds. It can 
boost 40 kg to low earth orbit from the Vikram 
Sarabhai Space Center, India. 4,5,6 
Space Transportation System <STS) 
andQASCAN 
The American Space Shuttle built by 
North American Rockwell [rrst saw flight in 1981. 
The last of the Shuttles was built in 1991. It has 
the ability to carry 24,400 kg to low earth orbit or 
to loft 5,900 kg plus a perigee kick motor to GTO 
or 5,200 pounds to GEO when augmented by an 
inertial upper stage (IUS). Its launch site is the 
Kennedy Space Center, Florida. The allocated cost 
per launch is reported to be on the order of $115 
million. Proposals have been made to increase the 
carrying capability of the Shuttle by developing 
and adding an Advanced Solid Rocket Motor 
(ASRM) to the baseline confIguration. This 
addition would provide an increase in LEO payload 
capability of about 15%. At this writing, the 
ASRM program is reported to be 2 years and $1 
billion behind.3,6,30 
The Get-Away-Special Canister, or GAS 
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CAN, carries small payloads of opportunity on the 
Space Shuttle; the available orbits are determined 
by the primary mission payload. The canister can 
carry a 150 pound deployable satellite in a fIve 
cubic foot cylindrical volume. The launch 
environment is not as harsh as those experienced in 
the Scout or Pegasus. Because the GAS CAN does 
not allow testing or umbilical connections after it . 
is closed, the satellite designed for this launch 
vehicle must be capable of three months shelf life. 
The small satellite is released into orbit from the 
Space Shuttle which is capable of achieving orbits 
of up to approximately 500 km at inclinations 
between 28.50 and 56° out of the Kennedy Space 
Center. The Space Shuttle can put a total payload 
of about 39,500 pounds into a 220 nautical mile 
orbit. 
Because the NASA charter prohibits 
competition with commercial providers of space 
services, the Agency can launch only experimental 
satellites from the GAS CAN. The cost of a GAS 
CAN launch is under review, but currently is listed 
as $10,000 for a 150 pound satellite with a volume 
not to exceed fIve cubic feet.10 Points of contact 
for this program include NASA and Lockheed 
Space Operations Company, Titusville, FL. 
SRI9-M57 
The SRI9-M57 rocket is a suborbital 
launcher marketed by Orbital Sciences Corp., Space 
Data Division, Chandler, AZ. Contact the 
company for further information. 
The Starbird is a suborbital rocket 
marketed by Orbital Sciences Corp., Space Data 
Division, Chandler, AZ. Contact the company for 
further information. 
Talos-Serseam-Hydac 
The Talos-Sergeant-Hydac is a suborbital 
rocket marketed by Orbital Sciences Corp., Space 
Data Division, Chandler, AZ. Contact the 
company for further information. 
The Taurus launch vehicle is under 
development by the Orbital Sciences Corp., Space 
Systems Division, Chantilly, VA. Initial launch 
capability is expected by the end of CY 1992. 
Taurus is expected to deliver 2300 pounds of 
payload into a 400 nmi circular orbit at 28.5 
degrees. For a polar orbit at this altitude, payload 
capability is expected to be on the order of 1900-
2000 pounds. Payload capability can be increased 
by replacing the 3-axis stabilized Orion 38 motor 
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with a spin-stabilized motor such as the ST AR-37 
and the addition of two Hercules GEM strap-on 
motors. The Taurus will also be available in an 
augmented version, called Taurus XL, with about 
20% more lift capability. 
Designed for easy transportability and 
launch from unimproved concrete pads, the Taurus 
will be able to launch small satellites from either 
ftxed or remote launch sites. The launcher has four 
stages: stage zero is a Thiokol Castor 120, stages 
one, two, and three are the Hercules Orion 50S, the 
Orion 50, and the Orion 38, which are the same 
line-up which power the Pegasus stages one, two, 
and three. The Taurus design derives from the 
Pegasus and adds a Peacekeeper ftrst stage to the 
Pegasus motor line-up to create the Taurus. 
Flight one is sponsored by the Defense 
Advanced Research Projects Agency (DARPA) 
under the Standard Small Launch Vehicle (SSL V) 
program. The ftrst launch is planned from site 
576E on North Vandenberg Air Force Base. Other 
launch facilities under consideration are Cape 
Canaveral Air Force Station (CCAFS) and Wallops 
Island (NASAIWFF).24,31,32 
The Titan family of launch vehicles has 
been developed by Martin Marietta Astronautics, 
Denver, CO for both government and commercial 
clients. The several variants of launchers will be 
described within their groupings of Titan II 
(refurbished ICBMs), Titan III (the commercial 
Titan), and Titan IV (USAF launcher). 
The Titan II Space Launch Vehicle was 
developed for the US Air Force. It ftrst saw flight 
in 1988. The baseline design is augmented by as 
many as lO solid fuel strap-ons. The Titan II can 
carry 4200 pounds to polar low earth orbit when 
launched from Vandenberg. It is configured with 
three liquid-fueled thrusters and outfitted with no 
upper stage. Its launch weight is 340,000 
pounds.5,6 
The Titan III ftrst saw flight in 1989. 
Within the commercial Titan III family, the 34D 
can be conftgured as a two stage or as a three stage 
rocket Stage one consists of two liquid-fueled 
cores augmented with two solid-fuel strap-ons. 
Stage two is a single liquid-fueled rocket. Its 
launch weight is 1,492,200 pounds. It is rated to 
carry 27,600 pounds to a 100 nmi circular orbit, 
9000 pounds to GTO, or 4600 pounds to GEO. 
The Titan 34D transtage is a three-stage vehicle. 
Stage one consists of two liquid-fueled cores 
augmented with two solid-fuel strap-ons. Stage 
two is a single liquid-fueled rocket. The transtage 
of stage three consists of two liquid-fueled motors. 
Its launch weight is 1,514,600 pounds. This 
rocket is rated to carry 4200 pounds to synchronous 
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equatorial orbit.4,5,6 
The Titan IV supports USAF missions. 
Its ftrst flight took place in 1989. The baseline 
launcher consists of a liquid fuel core plus two 
solid rocket motor strap-ons. Its capability is to 
boost 17,700 kg to low earth orbit Adding an 
SRMU to the baseline configuration provides an 
increase in LEO payload capability of about 25%. 
The GEO baseline includes a Centaur upper stage. 
With a Centaur upper stage (operational in 1990), 
it is rated to carry 10,000 pounds to 
geosynchronous orbit. Its launch weight is 
1,9lO,449 pounds. The Titan IV may be launched 
from Cape Canaveral and Vandenberg. The cost per 
flight is on the order of $2lO million.5,6,33 
Tsyldon (f-2!SL-14) 
This Russian launch vehicle is described 
above in the section on the SL-3 to SL-14 
launchers. 
The Viper 5 is a suborbital launcher 
marketed by Orbital Sciences Corp., Space Data 
Division, Chandler, AZ. Contact them for furiher 
infonnation. 
Vostok (A-lISL-3) 
The Russian launch vehicle Vostok is 
described above in the section marked for the SL-3 
to SL-14 rockets. 
Westar Services 
Westinghouse Electric Corporation, Space 
Division, Baltimore, MD operates a service to the 
orbital and suborbital communities called Westar 
Services. While they do not offer a launch vehicle 
per se, the company can offer access to space 
through this program. For this reason, this 
description is included here. 
Services offered include payload and launch 
integration, operations, and recovery. Recoverable 
payload service is offered for typical mission 
durations of 30-100 days; non-recoverable payload 
service is offered for mission durations greater than 
180 days. The Recoverable Payload Service will 
accommodate payloads up to 300 pounds and 8 
cubic feet in the recovery capsule. Payloads can be 
placed in a pressurized payload compartment, or can 
be placed in an unpressurized area and exposed 
directly to the space environment while in orbit 
The nominal mission altitude is 300 nmi. A 
microgravity environment better than lOE-5g will 
be maintained during payload operations. 
The recovery capsule can provide 200 
watts of continuous power and is equipped for 
uplink communications at 4 kb/s, downlink 
communications at 32 kb/s plus NTSC video. 
Payload compartment is pressurized to 1 A TM of 
dry air. Both event driven and time tagged 
commands can be stored in the spacecraft for 
autonomous execution. The payload mounting 
plate in the pressurized compartment is controlled 
to 72±5 degrees F by the active cooling system. 
The Nonrecoverable Payload Service will 
accommodate in its service module payloads up to 
400 pounds and 11 cubic feet Nominal mission 
altitude will be 300 nmi. A microgravity 
environment better than 1 OE-5 g will be 
maintained during payload operations. 
The nonrecovery service module can 
provide 200 watts of continuous power. It is 
equipped for uplink communications at 4 kbls, 
downlink communications at 32 kbls plus NTSC 
video. Pointing accuracy of ±1 degree for roll and 
±O.l degree for pitch and yaw are claimed. Payload 
integration and launch would occur at Wallops 
Island, V A. The Westar documents show an 
operations control center located at Houston, TX, 
and recovery and deintegration at White Sands, 
NM. For further information, contact the service 
provider.34 
The Zenit launch vehicle is actually a 
family of at least three launchers produced by NPO 
Yuzhnoye (Yuzhnoye Machine Building Works), 
Dnepropetrovsk, Ukraine. First launched in 1985, 
the rocket had been designed to be both a separate 
launch vehicle and a booster for the Energiya 
launch vehicle. The liquid-fueled vehicle is rated to 
boost 30,000 pounds to low earth orbit It has 
delivered 14 successful launches followed by 3 
consecutive failures. 
The Zenit had been under consideration as 
one of the commercial launchers for the proposed 
facility at Cape York. The launch failures have 
been blamed on a design change. The factory has 
reverted to the old design for the next launch, 
scheduled for October, 1992 at Baikonur 
Cosmodrome, Kazakhstan.30 
The Yuzhnoye Machine Building Worics, 
Ukraine designed a military-only version of the 
Zenit in 1988. Its fuel is kerosene. 
The Zenit-3, also called the SL-16, is 
under development and should launch in 1993. 
Fired from Tyuratam, it should boost 4300 kg to 
GTO. If this vehicle is exported to Cape York, it 
will have an effective increase in payload capability 
of 30 to 35%.6 
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Conclusions 
This paper has described much of the 
world's inventory of launch vehicles and, when 
coupled with the discussion material, provides the 
mission planner with the basic tools required to 
understand some of the trades and many of the 
opportunities to be found in the launcher business. 
The writer hopes that this material will contribute 
to more effective mission planning within the 
Smallsat community and provide a useful tool for 
others in the space business. The writer extends 
thanks to the individuals and companies that 
provided the information and the guidance that made 
this paper possible. 
Mr. Cullen may be contacted at 
101 North George Mason Drive, Suite 2, 
Arlington, V A 22203. 
Telephone: (703) 525-8782, Fax: (703) 525-8784 
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